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A None valent Complex Vaccine Prepared with Detoxified Escherichia coli JS 
(Rc Chemotype) Lipopolysaccharide and Neisseria meningitidis Group B Outer 
Membrane Pr tein Produces Pr tective Antib dies against Gram-Negative 
Bacteremia 
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Robert Nw, Mark Semenuk, Wendell D. Zollinger, ■ * 
EUen £♦ Mormn, Lynnette Young, Craig Haramack, ^ 
Jerald C. Sadoft, and Alan S. Cross* ' 



Ittpertme** of Bacterial Diseases, Walter Heed Army Instate of 
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Earner studies showed that pur^ 
cott J5(Rc clmnotypc) whole cdl vaccine protected neutropenic rat* against grarn-ncgativ* bacterial 
sepsis, la the prevent study, di^-acylated J5 Iipof>oly*»cdiiridc (J$ DUPS) as a noncoraknt 
complex vKh Neisseria meningitidis group B outer membrane protein (GBOMP) elicited wnti-JS 
LPS antibodies in rabbit*. IgG prepared from immune rabbit sera protected neotropeoicrata against 
lethal challenge ivtth Pseudonwnas aetuglno** 12:4:4 (Fisher DevHn loommotype *\ Sixteen of 26 
rats treated with the postimmun* serum IgQ were protected compared with none of 20 rats treated 
with the control rabbit serum IgG (P < .001). In vitro binding studies showed binding of anti-JS 
ZgG to several gram-negative bacteria. These results Indicate that a subuntt vaccine made of JS 
DIPS as a noeeoralent complex with GBOMP may protect against gram-negative bacteremia. * 



There are —400,000 cases of septicemia each year in the 
United States [1]. Gram-negative bacteremia occurs in -30% 
of patients with septicemia p]. Attempts have been made to 
develop vaccines that will protect against gram-negative bacter- 
emia. Data from animal models suggested that immunizations 
with vaccines in which the core Upopoiysaccharide (rough LPS) 
regions were exposed could protect against challenge with het- 
erologous organisms [3-5]. Ziegler et al. [6] used the J5 mutant 
(Rc chemotype) of Escherichia coli OH!:B4 to immunize 
human volunteers with the heat*killed bacteria. The administra- 
tion of the immune human serum reduced deaths from gram- 
negative bacteremia in hospitalized patients (compared with 
pati nts receiving preimmune serum). Since this was a whole 
celt vaccine, the protective antigen was not clearly identified. 
In addition* whole ceil vaccines have the potential for adverse 
reactions such as seen with typhoid and pertussis vaccines 
17,8]. v r . ! ^ - - 

We have previously shown that antisera from rabbits im- 
munized with boiled £ colt JS whole cell vaccine protect neu- 




tropenic rata against gram-negative bacteremia [9 
subsequent study [10], we showed that siSmty-puri&d 
J^-specific IgQ prepared from the serum of a rabbit 'Z* 
* mated with boiled £ coli JS whole cell vacdrW protecteJnei 
penic rats against challenge with Psiudornonas a^^^^ $ 
12:4:4 (Fisher Devlin imirranotyjw 6> The objectives of/fte 
pteeeni study were to Ermine whether a sutamirvSc^Ke 
prepared with de-O-acylated £ coli J5 LPS (J5 DU^as^^f 
noncovalent complex with Neisseria meningitidis group 
outer membrane protein (GBOMP) would elicit high titers of ^ ,5. 
anti-J5 LPS antibodies in rabbits and whether IgG prepared ^ * 
from such immune sera would protect neutropenic rats against fe^ 
lethal challenge with jP. aeruginosa 12:4:4. >; ^;W&^ ^ 

Miterlaia and Methods" * '^f:^ 

£Jeoii J5 LPS and lipid A from E. coli K12 were purchased 
from List Biological Laboratories (Campbell, CA). p. aerug^^Z^ 1 
12s4;4 was originally obtained from A. WcManus (US Army losd-^ 
tute of Surgical Research, San Antonio7TX) and kept in the Walter^ 
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Reed Army Institute of Research (WRAJR) collection 
flwi this strain was prepared by the hot-phenol method of West- 
phal and Jarm [11]. ?bc<phatase-labeled goat a^raMaHigjr 
^{toavy and light chains) and fluorescein isothiocyanate (HTCl- 
. labeled goat and-rabbit IgG were purchased from Kfrlce^ard & 
Perry Laboratories {Gaiflieraburg, MD). Protein G-Sepharose 4 
fast flow (FF) was purchased from Pharmacia Biotechnology (Pis- 
cutaway, NJX Empigen BB was obtained from Albright <fe Wilson 
(Whitehaven, UK). ^i^Mm^m%^ -v- 

M meningitidis group B 8529 was a case isolate from Chafcaod 
was maintained at ~7(TC In the WRAIR collecdon. Group B outer 
membrane protein (GBOMP) from this strain was prepared by a 
method described previously [12, 13]. Strains of E. coll Staphylo* 
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tlte* blocked with] 



Jrtcs wcrt mcvbattd wilfi a 




caccuj aureus, Enterobacter cloaca*, Klebsiella pneumoniae, TV 

aeruginosa. Entmbactor <»«^««^nd M mentxgitit/fs 44A76, ..^KHcr Scicntifk, Cplwbiji, MDJ in Jjfe at 3^1_ 
&047, and 8566 were from the WRAIR collection. QS2I was wefts were w^hedwSh PBS between^^ept To remov?" 
obtained from Cambridge Biotech (Wofw^ ^^-mhw^^^ ^, * 

Preparation of JS DLPS. J5 DLPS was prepared by a rncthod ^^^^ntigei)H 
described previously [1 4J with slight modification. Briefly, £ coti ^Jkyi o> ^in»ryl^1iodie9''fiir 16 h¥i^ternper 
J5 LPS ()0 mg) was dissolved in 0.1 Af NaOH solution (4.5 mL) Tftplatea were thelflncubated wTtfi the ph^hatee-lal 
by scnication in an ultrasonic bath jm^fiOO; Branson, Dan- ^i ry antibody fof 20 h at room ^ Dr»d'i 
bury, CT) for 3 min. The alightly ha^ sofution waa collected into " ' — 

% a screw-capped tube and heated at 65?(^lt'for 2 i The ccoied 

, w 1 by dialy^u against three changes 

0 r^'pf tiartinj 
by gas-liquid cri 
ijLiwI C-f4 fot^ acids* 
iUoo.ai expected 




solution was neutralized^ with?! J) 
released fatty acids were removed ! 
^b£sterUe water (500 mL e^liTover 
is ^tyophttiied^ ; the^W^^ 
"atry sackfar^yi^^n^^TrKj Jj 

phy ;^«iiow|Mf ~ jAmjrtihfls ««E^nb3«n 
iSlwete cleaved ofiflBSBi 
muhs not shown); 
jration "qjfj| 

buffer(0.0SAfTTUS;&tS^^ 
BB, pH 8.0) was added to a^u^'c^ 
DLPS m 0.9% NaCl. The^buure was -fiji^t 1N&"tor^2 h and 
then dialyzed against 500 mL of sterile 0.9*1 NsCl without stirring " 
for 2 days and then with stirring for 5 days at 5 # C The dialysis 
buffer was changed fo 500 mL of fresh sterile^p^^Ka^l ^ 
dtaryiss continued for aiwther 5 d^ys? Thb dia/ysia buffer was 

an d 

lysis continued f?^^£fll*C;r ~ 
^idialyzed solution { 



nyl ph^jite^S^O^^^ 

snce was. read at 4f$j 
^uigiP* nwprvcel diT 




all 



rich off 



afrt^inosa ir ( ^ . 

, phase weit 'washed and added to^ 53!!^^ 
human neutrophils, jx?n7iar human ! 

mlElij pc 

'pies were- rra o^TttlSe 0 lodTf _ , 

|y9 v bactena were added to different conceritrabonsoO 



^ ^£^wu/c*v iviwivi i ^rj fnL) was flightly ha^]t was jpjfered 

i^&f jprotem owttent of ttos compJeYwaa w 

reagent [16]. T«e%1>rJPS coi^m was decermineil by the 
phenol-suifuric acid meAod {lousing J5T)LPS as the standard. ZHpn fcr coI^~£o^ 
The GBOMP-to-J5 DLPS ratio was 1^06 (wt/wt). For comjparf- — ^ ^->» - ~ ~ . — i ^ 

too, a noncovalent complex was prepared using native J5 LPS and 
GBOMP; the GBOMP^o^SjLPS rajlio of this complex was 1 :0 4 

"■ ■ (Wt/Wl). 

Immunization of rabbits. T New 





^ ind Whi|e rabbiu (2-2.5 
kg) were obtained from the ||a^ton Research ,^^8 (Denver* 
PA). Blood was cbtamedjrom^ 

rabbits were in each group. <^ op t^Ku^ vere ^tmmunized with 
the J5 DLPS-GBOMP c<i^eW 
^ut QS2I v thejKSu^ 
same dote of * — 

4ower dose' 
vacdne _ _ _ 
Sfeuminiwd with 25 ot ft'btPS (without GBOMP) plus ^S2 1 
^S^^<50 /ig)I grwpIS was Jrpun^ w|^ 
#%^%tions were intrmuscu$j^ 

■ % aad 4 wedes. B^^tpfes ^ we«M)btained atjtifne g^fb^ 
iiimiuniatioD) and ariHj^ 
f f-JEUSA. were^^mj^ : wej 
< raicrotiteT plates (tasto^^ 
V r^Engvatl and Perinumu [18] slight imxlificatioa Briefly, waK* 
ww first coated wftffSO £gr^ (Sigma, 
^ ^SlLoois) in PBS (O.bl Afsbdtom phoaphate, 0. 14 A/NaCI, 0.02% 
- NaN s ), pH 7.4, at 37*C for f KTThe "wells were emptied arid then 
overlaid with either J5 LPSjx lipid A at 10 ^g^L in PBS for 3 



wasted 




irathn offgG. * PWcin G-Sepharose 4 1 _ 
was washed on' a" sjiiAened' glws' tunnel . wftKwiStJ 
|en with*25 mLo? WBS^ 
it of PB| and degaued ui^ 
1 gel was^packed ini small glasa column; the bedl 
packed gef was ^3 m& TmmuM ia^ 



en 



w a sh , 
column w/tfi^i 



ula^filtradoTi on PM-10 j 

j^S^^eg lgg^ 

>f?g9ft$(?to ^e^p^cus^am^gqt^e bacteria 
^grwri oveTrnghfat 37X on T|A ^ gJa^^fSel 
ig; ^ejffww^ at^7*§ 
;otht W^^wjfl! PBSf and ao^ust^lS^an^ ofj 
hfch corie^nds to a concentration pf^t6*|fl 
re then 

«^^ 9n "^ ^MnVaeruirn IgG or mbW wti-ljnLPS i 
Iwvlous^^fcHbed [23 p 24J. FpHowing ftKuHdon'at^ 
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30 mim bacteria were washed twice in PBS and mixed with FITC- 
labeled ami-rabbit IgO- .* ~ . V 

Bacteria were then incubated with the fluoresce ncc-labclcd anti- 
body for 30 min at 4°C washed in PBS, and resuspended in \% 
(wt/v I) paraformaldehyde. Controls consisted of bacteria incu- 
bated with secondary antibody in the absence of either normal 
serum IgG or anri-J5 serum IgO. AUquots of bacteria were treated 
with 10 fig/mL imipenem overnight at room temperature (prior to 
treatment with IgG) to expose core determinants 



titer (table t). None of the rabbits had any aignificsntj 

amvlipid A antibody titer (results not shown). 

The rise in ELISA titer against the At meningitidis GBOMP 
did not show significant differences between the bigy? 
and low (2 /*g) dose of vaccine with or without QS21 (tab 
2)* Rabbits immunized with GBOMP alone (group* ~" 
>800-fold rise in anti-CBOMP antibody (table 2} an d no j 
ia^anti-J5 LPS antibody (table 1), 



The fluorescence of stained bacteria was quantified by analyst? <^^tmciddt^fyity. Bacieriddal titera 



in a flow cytometer (FACScan II; Btcton Dickinson, Sunnyvale, 
CA) as previously described [23]. At least 5.0 x I0> bacteria 
were analyzed in triplicate, and channels were assigned on a five* 
cycle log scale. Bacteria were evaluated by setting the gate such 
that nonspecific binding wis <l% (mean channel fluorescence). 
Antibody binding was expressed as percentage of cells in the posi- 
tive gate where nonstaining or negative cell* were on the 'left ^ 

tfetttropenferotmudei of sips I* k: 'Tfle neutropenic rat,model 
has been described [9. 25). . Briefly v fcTnale Sprague-Dawjey^rats 
(125- 1 75 g) were obtained from Charles River 
tories (Wilmington, MA\ Cefamaruiole (100 mg/kg) 
intramuscularly beginning 96 h before bacterial challenge on an 
every-othar-day schedule. Cyclophosphamide (100 mgflcg) was 
given intraperitoneally at time 0 followed by * second dose of 50 
mg/kg 72 h later. At time 0 and at 48 and 96 h, the challenge 
strain of P. aentgwosa I2;4;4 was given orally via an orogastric 
tube. All manipulations were done with animals under light CO a 
anesthesia. Rats were monitored for fever with a noncontacl digital 
; infrared thermometer (Horiba; Markson Science. Phoenix). AH 
animals were bacteremia at the onset of fever. 

The animals received antiserum or IgG at 9 0 mL/kg intrave- 
nously via tail vein at the onset of fever (temperature >3$.Q*C 
usually day 5 or 6). Control animals received normal saline on the 
same schedule. The animals were observed daily for 1 2 o>ys after 
the initial dose of cyclophosphamide, and deaths were recorded. 
All animals were bacteremic with P. aervghwa 12:4:4 at the onset 
f fever as determined by blood culture. '*\ 

Measurement of endotoxin content Blood samples were 
collected, and serum endotoxin was measured as described 
previously [10]. *' 4 - : . t-. - 

Statistical methods. Statistical analyses of animal mortality 
following various treatments were done by Fisher's exact test. 
Serum endotoxin levels in the treatment groups were compared 
by one-way analysis of variance (Kniskal-Wallis). A two-sample 
t test was used to compare specific groups. 




immune response in rabbits. Rabbits immunized with a 25 
;/g dose of 35 DLPS-GBOMP noncovaJcnt complex vaccine 
without the adjuvant QS21 showed a higher fold.rise in ELISA 
andbody titers than did (hose immunized with the vaccine plus 
QS21 (table 1). However, in the lower-dose (2 /xg) groups, 
there were no significant differences in ELISA antibody titers 
of sera from rabbits immunized with or without QS21. The 2 
rabbits that were immunized with J5 DLPS plus QS2I, but 
without GBOMP, showed only a 2-fold rise in anti-J5 LPS 



munization* sen: from rabbits immunized wi 
nofKo^ent complex vaccSw against 
^ group B^strains showed that the nuixJmum fold-rise 1; 
v *fda> activj^wis against the fK>raoI<^cxj* g^p 
-i^faal sffain J&om wnW C^MP ww 

clowly^j^^tn 44£l^fcbfe 3)gnwe was 



Breedmg^abora- 

ng/kg) was given * 5 <&* reduction in the original inoculum with20H 
" **** "f^f*^*?? oFhum" "^wtropiiil** theste Was a 
lion in o^^Uruglnosa 12f4;4 colony counts/ 
pnwmrrmne jabbk senmi IgG resulted in 25% 
colony counts; however, addition of antiJS IgG 
-log reduction in bacterial counts' ^^^|, 
JMtttecttonfy rair. " IJC prepared 

vaecme (vwAout Q$21), proti 



,*M»»£f^^ the J5 DLP$ 

I 8jb1i compared with none of 8 rats treated with I| 
: Pttm the preirnmunization serum of the same rabbit | 
figure t). IgG prepared from the postimmune seium 
44760, which was immunized with J5 DLPS-GBOK^^ 
plex plus QS2U protected 6 of 8 mutioperuc rata^o^^e^ 
with none of 12 rau treated with IgG prepared from the^stOT- 
mune serum of rabbit 46277 (which showed no rise in v 
LPS antibody). Thus, a total of 16 of 26 rats were proSctcd 
^y treatment with anti-J5 IgG, whereas none of 20 ratoi^rted^ 
w with control tgO (from both pmrnmune serum and from aezuni 4 
^ota ^ rabbit UiauAbwed no rise VaiittJS aruibody^'wa^ve^ 
^None of 1 f ritti^d witb the aori^OBOMP IgG 
tooted (figure l£jha IgG coooentmtion of samples 
^were ~ 1 ^mg^rnL Si all the esqp^m^tR^ese resul^m| 
^ sent cumulative data from three experiments, and in each 
int^he an t( : J5 tgG showed signiflcam pr^$^ 

^Ws-r*4^^ IgQ 
postimmune scrum of rabbit 42374, immunized with j£ 
OBOMP nonco^ient complex v^cioe t was used toe 
^ the binding to heterologous gram-negative bactena by" 
^cence-activated cell sorting analysis. IgG prepared from 





mm 



mune rabbit aeirum was used as control. In the absence 
neatment widi antibiotic (imipencm) to expose die j 
core # the anti-J5 IgG showed enhanced binding to 
* of the bacterial stnuos^ including P: aeruginosa 
challenge strain used in the neutropenic rat model 
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#5J!&^^ LPS 8W B outer membrane pwte«(GBOMHnoawvS^ * 

^ complex viooinc, ' v ■- ^^ip^*^p#fe*-;.^ 



,*v Grouo no, vaccine 



1(23 + 0BOMP + QS21 (30 jug) 
g) + OBOMP without QS2I 



f (25jWg) wWhow GBOMP + Q52I jjfyfyF 



2M H 



ftbtutanct v*to. Pf¥» before irmnuniatioo; poit, 2 weeks after 3rd vacant doe*. ^^Ji 

_. j^W^rrf^^ i • r wrgwu i.*mi<iiiiwMB nil, u i 

(table 4); however,, with antibiotic treatment, there 'waal ^^%^^w^^%^Tlf6 ; ^Sx 
banced binding of ^5 IgG to all gran-negativ* bacteria *«n $} in the toTpe^nMl^ 
tested. .Him was noenhanced binding to the gram-poshive ^^jSCF wis observed for all ba«^"shown mtai>le^ 
^anism, £ aureus, wfiich lacks endotoxin.^ ."J^jgfciisawllS^ 

%We chose to present the binding data as percenta^ofu^«- . 

rial cells tb^ bourri ^ 

A\ ■ TV.»r- lira. l.'Ml- .e*. I. . .- 4<WSPfe -"*~« 



vw/. • uraun w> vuiwuy Dinoing was examined by 

shift in mean channel Jjwrtsetnce (MCF), however, there was "^l^j^t^'"^ 
a marked Mmtjg^jp* MCF <*&^ 

\ C^o f ->'V * allowed that there was an average riie in tempemuje) 

: * ; : STi^r^.^bo* 0.05 M g and as Mg.pfJ5 DLPS vacSfT 

Table 2, IgG antibody titen to ,V. meningitidis group 8 outer mem- ^ A l°" foW ^ of ^0 jug of )5 DLPS] 

brmnc protein (GBOMP) in sera from rabbits immunized with IS ck-O- waveragc riae in temperature of XA^Xn ^m 
acyiatetl ltpopolyaaochart^-OBOMP nonccvtlent complex vaccine - . . ^ > 



Group do., rtbWt no. 




l.-44tf«0 

2/44760 
i4«77 

3, 4«170 

4. 40004 
46298 

3 ( 4«77 
V4«86 

e\ aoe 

v W7 




|.J2.07O 
M6.I37 ' 
. ^23^72 
[l» ^$17,958 

Tit* 

?223 ^-^7577 



/Old-rise df bKi^S^^^^^^^ 
me um <rom ratbte immuaj^^hh B£'^jyjk 
— )ly5tcchaxide -group oulw^iiHSfMiraiM fpfam 
vaccine against diffcrent ttmU otWw*i*gB 



NOTE. Vaccines are ihown in tabic {. Tttttt »trt det«rmmed by EUSA 
Pre, before inununizitton; JPOA 2 weeki after 3rd vtctine dose. 
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Figure J. Protection of neutropenic rats with ami-JS roiniunoglobullns against lethal challenge with Pseudomonas aeruginosa 12^4:4^ X11 
antibodies were given at 9 mL/fcg. Rm of avenge weight of 150 g received L«2 mg of IgO. Results are cumulative data from 3 otperimemt; 



of a native J5 LPS-GBOMP noncovalent complex gave an 
average rise in temperature of 1.3°C, Tim, the DLPS complex 
was —100-fold less pyrogenic. 



Discussion 



Gram-negative bacteremia is an important cause of mortality 
in hospitalized patients [26-28]. Extensive studies in animals 
[29-3 1 ] and limited studies in humans [6 r 32] have shown that 
antibodies to the core determinants of gram-negative bacteria 
may protect against gram-negative bacteremia. We have pre- 
viously shown that £ coli S5 LPS~speciflc IgG given as treat- 
ment protects neutropenic rats against gram-negative bacter- 
emia [10]. The whole cell J5 vaccine used in these studies, 
however, is not suitable for routine use in humans. The subunit 
vaccine we used in the present studies consisted of purified £ 
coii J5 LPS that was detoxified by alkaline de-0-acyiation 



(which removes ester-linked fatty acids) [33]. This treatment 
reduced the pyrogenidty of native J5 LPS ~100-fol4 
^^Preliniubwry experiments using detoxified J5 LPS wjthlSam 
at adjuvant showed it to be poorly immunogenic in rabbity 
perhaps by covering up important epitopes (data not shown)[ 
|0<mseq8enny, we used GBOMP as adjuvant The 6oto%itM 
J5"LPS was formulated as a noncovalent complex w&*T"* 
meningitidis GBOMP. The J5 DLPS-GBOMP nraco§" 
complex vaccine was highly innnuno&enic in rabbits, Theanti* 
J5XLPS ELISA antfbody titers of immune rab>it serawet^ : 
comparable to the titers of sera from rabbits immunised with * 
native J 5 LPS -GBOMP noncovalent complex vaccine (data 
not shown). There was significant rise in anti-J5 LPS liter using 
this vaccine with and without the added adjuvant QS21 (ible 
I), In the absence of GBOMP, there was no significant eiH 
hancemcnt of immunogenicity of 15 DLPS by the adjuvant 
QS2t [34]. The GBOMP has been shown to enhance inununo- 
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Pmimmunc IgG 



Poatimmune IgG 



Strain 



No imfpeoem 



Itnlpcnern 



No imfpenem 



Innpencnt 



J5 
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2960 'V 
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J^yioroccKr oiraa 
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; Kkhtiitta pntumcmmr 2035 




r "^" las* 



NOTE. Oita are H positiv* by flvore K*nc**ctiv*ted cell muling analyst!. 



genjeity of peptide [35J and polysaccharide [36] vaccines when 
used as the noncovalent complex. w i ^ , r ,v v 

IgO prepared from the sera of rabbits immunized with JS 
DLPS-GBOMP vaccine with or without QS21 showed sig- 
nificant protection of neutropenic rats (figure 1). That this pro- 
tection was due to anti-J5 LPS antibodies was demonstrated 
by the feet that neutropenic rats were not protected by the 
passive transfer of high-titer anti-GBOMP IgO prepared tram 
sera of rabbits immunized with GBOMP (figure 1). In addition, 
IgG prepared from serum of rabbit 46277, which did not have 
atiti-JS antibodies, failed to protect neutropenic rats. These 
results indicate that this subunit vaccine formulation generates 
protective and-J5 antibodies in rabbits. Since the protection of 
neutropenic nits was against challenge with only 1 strain (P. 
aeruginosa 12:4:4) of gram-negative bacteria, it was necessary 
to determine the extent to which these anti~J5 antibodies bind 
to other potential gram-negative bacterial pathogens. ^ 

The binding assay using flow cytometry showed that anti- 
SS IgO b\nd$ to clinical Isolates of £ coll, K pntwnoniot, 
Enttrobacter species, and P. aeruginosa* including the chal- 
lenge strain 12;4;4, but not to a gram-positive coccus, ' Slews' 
(table 4). IgG prepared from the preimmunization serum either 
did not bind or had significantly lower binding to the gram- 
negative bacteria compared with postimmune serum IgG. These 
results indicate that this vaccine may provide protection against 
other gram-negative bacteria such as E coii and Klebsiella and 
Eitterobacter species. Further wotIc is in progress to test this 
hypothesis. "'f ' y : ^% 

Our studies showed that a subunit vaccine consisting of a 
|J DUPS- GBOMP complex induced antibodies that provided 
a level of protection simitar to that previously observed with 
a killed whole cell J5 vaccine. The 100-fold reduction in pyro- 




genicity suggests that such a formulation may be welto^Sp 
in humans. We are currently preparing this vaccine for^w 
use, and a phase I clinical trial will be conducted ar 
preclinical animal experiments are completed. 395 
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